(The English translation of Japanese Laid-open Patent 
Publication No. 53-60171) 

(11) Japanese Laid-open Patent Publication No. 53-60171 
Laid-open patent gazette 

(43) Laid-open publication: May 30, 1978 

(51) Int. CI. 2 (52) JP.C1. Internal file No. 

H 01 L 23/54 99(5)C1 7216-57 

H 01 L 21/28 

Number of Inventions : 2 

Request for Examination: Not requested 
(Total: 3 pages) 



(54) Electrode for silicon substrate and Process for the 
Production thereof 

(21) JP Application No. S51-136100 

(22) Filing date: November 10, 1976 
(72) Inventors: Nobuo NAKAYAMA, et al 

(71) Applicant: Matsushita Electric Industrial Co., Ltd. 

(74) Agent: Toshio NAKANO and one other, patent attorneys 

Description 

1. Title of the Invention 

Electrode for silicon substrate and process for 
the production thereof 

2 . Claims 

(1) An electrode for a silicon substrate, which is 
composed of a glaze conductor that at least contains nickel 
silicate or cobalt silicate. 

(2) The electrode for a silicon substrate as 
recited in claim 1, wherein the glaze conductor has a 
surface portion coated with a metal. 

(3) A process for the production of an electrode 
for a silicon substrate, which comprises screen-printing a 
paste formed from a mixture of nickel silicate, cobalt 



silicate or a mixture of these with a glass frit on a 
silicon substrate and then calcining the paste to obtain a 
glaze conductor . 

(4) The process for the production of an electrode 
for a silicon substrate as recited in claim 3, wherein a 
paste formed from a mixture of nickel silicate, cobalt 
silicate or a mixture of these with a glass frit containing 
a substance that forms a donor level in Si is screen- 
printed on Si substrate, and then, heating is carried out 
with an impurity that also forms a donor level in Si 
surface other than the electrode, thereby to introduce a 
donor level into the Si substrate simultaneously with 
formation of an electrode formed of a glaze conductor. 

(5) The process for the production of an electrode 
for a silicon substrate as recited in claim 3, wherein a 
glass frit containing Al 2 03-B 2 03-Si02-based glass as a main 
component is used as the glass frit, and a source for the 
impurity is B. 

(6) The process for the production of an electrode 
for a silicon substrate as recited in claim 4 or 5, wherein 
a metal is coated on a surface portion of the electrode 
formed of a glaze conductor . 

3. Detailed Description of the Invention 

This invention relates to an electrode for a 
silicon substrate and a process for the production thereof. 
Specifically, it has a characteristic feature in use, as an 
electrode, of a grid- like glaze conductor obtained by 
adding an organic binder to a mixture of nickel silicate or 
cobalt silicate with a glass frit to prepare a paste, 
screen-printing the paste on a silicon substrate and 
calcining the printed paste. 

As an electrode for a silicon substrate such as a 
silicon solar cell, conventionally, Ni, Au or an alloy of 
Au-Ag is used for an n-type portion and Rh, Al or an alloy 
of Au-Ag is used for a p-type portion. Of these, Ag-Au, Rh, 



etc-, are expensive, and the use field thereof is limited. 

As a method for attaching such an electrode to Si, 
there are employed methods such as chemical plating, 
electric plating and vapor deposition, while a vapor 
deposition method is employed in many cases. However, 
these methods have a problem that making thereof takes much 
time and work since the electrode structure on a light- 
sensitive surface is complicated. 

For example, in a p-type layer light-sensitive 
solar cell, a p-type layer is formed on the surface of an 
n-type Si single crystal wafer. As an impurity for making 
the p-type layer, B is generally used. B is used in the 
form of B 2 0 3 , BBr 3 or BC1 3 . When B 2 0 3 is used as an impurity, 
an oxide film of Si is formed on the surface, so that an 
electrode is attached by removing the oxide film 
corresponding to an electrode by the use of a mask having 
the same structure as an electrode structure and then 
forming the electrode. As a method for attaching the 
electrode, generally, a vapor deposition method is used. 

For example, when Au is used in the n-type portion, 
Au is vapor-deposited and the deposited Au is heated at 
500°C for about 5 minutes to form an alloy layer. 

When Al is used on the p layer, an alloy is 
similarly formed by heating at 700°C for about 5 minutes. 
Since the electrode structure on the light-sensitive 
surface and the step are complicated, there is a defect 
that the making thereof costs much labor. 

This invention relates to an electrode for a 
silicon substrate, which eliminates the above defect, and a 
process for the production thereof. The first feature is 
the use, as an electrode, a glaze conductor obtained by 
screen-printing, in any form, a paste composed mainly of a 
mixture of nickel silicate or cobalt silicate, which are 
inexpensive materials, with a glass frit on a silicon 
substrate and then calcining the printed paste. 

The second feature is that since the above glass 
frit contains a large amount of B 2 0 3 , an electrode composed 
of the above glaze conductor can be formed simultaneously 
with the formation of a p-type layer on the surface of an 
n-type Si substrate from B 2 0 3 . Further, by decreasing the 



content of the above B 2 0 3 in the glass frit and adding an 
oxide for p, an electrode composed of the above glaze 
conductor can be formed simultaneously with the formation 
of an n-type layer on the surface of a p-type Si substrate. 

The third feature is that when it is intended to 
decrease the resistance value of an electrode composed of 
the glaze conductor formed on an Si substrate, a nickel or 
cobalt layer is formed on a surface portion of the 
electrode composed of the glaze conductor by a plating 
method, whereby the resistance value of the electrode can 
be controlled such that it is any value. In this plating, 
a nickel or cobalt layer is liable to adhere to the surface 
portion of the glaze conductor, while there is a selective 
plating effect that they do not easily adhere to the Si 

substrate surface. In the plating, therefore, no mask is 

required in any portion except for the electrode, so that 

the number of steps is decreased. 

As described above, according to this invention, 

the material for the electrode is inexpensive, and the step 

of forming the electrode and the step of forming a p-n 

junction can be carried out simultaneously, so that 

inexpensive solar cells can be manufactured. 

In a typical solar cell according to this 

invention, the conversion efficiency under direct sunlight 

has reached 12 %. 

Example of this invention will be explained with 

reference to drawings hereinafter. 

Example 1 

An organic binder is added to a mixture containing 
an electrically conductive material that is nickel silicate 
and a glass frit composed mainly of Al203-B 2 0 3 -Si02-based 
glass , and these components are fully mixed to prepare a 
paste for screen printing. Using this paste, a grid-like 
electrode 1 as shown in Fig. 1 is printed on the front 
surface of an n-type single crystal wafer having a specific 
resistance of 0.2 Q-cm and a thickness of 0.3 mm by a 
screen-printing method and dried, and then a paste prepared 
by decreasing the B 2 0 3 content from the paste used for the 
printing of the grid- like electrode 1 and adding a small 



amount of a phosphorus compound is printed on the entire 
reverse surface of the substrate and dried. Then, using 
B 2 0 3 as an impurity source in a light-sensitive surface 
shown as 2 in Fig, 1, heating is carried out at about 
1,100°C, whereby the grid-like electrode 1 composed of 
nickel silicate and the glass frit is formed as shown in 
Fig. 2 and at the same time, B is diffused in the surface 
of the n-type Si substrate to form a p-type layer 3. As a 
result, p-n junction 4 is formed. When B 2 0 3 is used as an 
impurity source, an oxide film 5 of Si is formed on the 
front surface. However, this film is transparent and hence 
causes no particular problem. Thereafter, when it is 
required to decrease the resistance of the electrode, the 
device as a whole is placed in an Ni plating vessel to 
carry out Ni plating. In this case, any portion other than 
the grid- like electrode 1 and an electrode 6 composed of 
the glaze conductor formed on the entire reverse surface is 
coated with oxide film of Si, so that no Ni adheres, and as 
a result, an Ni layer selectively adheres only to the front 
surface and the reverse surface electrode portions , 
resulting in a remarkable decrease in resistance. The 
resistance value can be controlled such that it is any 
value by changing plating conditions. Then, a lead wire 7 
is attached to complete the device. 

As described above, according to this invention, 
an inexpensive and high-performance electrode suitable for 
a solar cell or a photodetector device can be obtained. 

4. Brief Description of Drawings 

Fig. 1 is a plan view of an electrode for a 
silicon substrate in one example of this invention. Fig. 2 
is a cross -sectional view of a solar cell having the 
electrode in one example of this invention. 

1 ... Grid- like electrode composed of a glaze 
conductor, 2 ... n-type Si substrate, 3 ... p-type layer, 
4 ... p-n junction, 5 ... oxide film, 6 ... Reverse -surface 
electrode composed of a glaze conductor, 7 ... lead wire, 
8 ... irradiation with light 
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